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Abstract 
Objective: Secondary caries is a common problem in dental treatments and its occurrence is 
attributed to several factors. The present study aimed at assessing the prevalence of secondary caries 
in posterior teeth of patients presenting to the Department of Operative Dentistry, Shahid Beheshti 
Dental School. 
Methods: This descriptive study was conducted on 350 patients with 1,339 posterior teeth restored 
with amalgam or composite resin. Restorations older than 3 years were evaluated. Data regarding 
presence or absence of secondary caries, age of restoration, location of receiving dental care, tooth 
brushing technique and use of dental floss and mouthwash were recorded in a questionnaire. 
Statistical analysis was done using chi-square test. 
Results: The prevalence of secondary caries was 26% among the understudy patients. Mesio Ocluso 
Distal restorations (19.2%) had the highest prevalence of secondary caries. Composite restorations 
had higher prevalence of secondary caries compared to amalgam restorations (p=0.01). Teeth 
restored in private dental offices had a higher prevalence of secondary caries compared to those 
restored in university clinics (p=0.007). Patients who used mouthwash had a significantly lower 
prevalence of caries recurrence (p=0.05). 
Conclusion: The prevalence of secondary caries in patients presenting to the Department of 
Operative Dentistry of Shahid Beheshti Dental School was higher in the MOD restorations, 
composite restorations and teeth restored in private dental offices finally it was less in the patients 
using mouthwash. 
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Secondary caries. 
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Introduction: 
 
Dental caries is an infectious disease that leads 
to the destruction and demineralization of 
mineralized tooth structure and can progress 
from a primary state to a clinical cavity on 
smooth tooth surfaces within 18±6 months (1).  
According to G.V. Black, secondary caries is the 
re-development or recurrence of caries at 
restoration margins (2) that occurs following 
micro leakage or inadequate removal of primary 
caries (3). Exchange of restorations comprises 
about 75% of operative dental procedures and is 
claimed to be done due to the presence of 
secondary caries (4). 
Presence of secondary caries is the reason for the 
50-55% of amalgam restoration exchanges (5). 
This rate has reported to be as high as 72% in 
another study (2). In a study by Mjör, et al. 
(2011), clinical diagnosis of secondary caries 
was the main reason for replacement of all types 
of restorations (6). Initiation of caries is usually 
painless even after dentinal invasion until the 
lesion causes pulp irritation. Secondary carious 
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lesions have to be identified early especially 
when active dentinal caries are present because 
the carious lesion spreads faster in dentin than in 
enamel due to the higher susceptibility of dentin 
and its lower resistance to acid. At present, 
diagnostic methods for detection of secondary 
caries adjacent to amalgam restorations include 
clinical examination and visual observation at a 
dry and clean site under adequate lighting, 
palpation with a dental explorer, use of dental 
floss, and interpretation of radiographs obtained 
from the site (1). Detection of secondary caries 
becomes more challenging if they occur under 
amalgam restorations at areas with no clinical 
access or direct vision like the gingival margin 
(7).  
Secondary caries occur at the plaque 
accumulation sites, for this reason margins of 
restorations are more involved (8). Based on a 
study, more than 80% of secondary caries occur 
at the gingival wall of Class II restorations (7). 
Most dentists use radiography to detect proximal 
caries and to confirm clinical examination 
results (9).  
Radiography is an appropriate means for 
detection of carious lesions that are not clinically 
visible. Exchange of restorations due to 
suspicion of secondary caries is usually 
postponed until obtaining radiographic evidence 
(10). Among different radiographies, bitewing is 
more reliable than other techniques for detection 
of proximal caries since the beam passes parallel 
to the proximal wall of the restoration (11).  
Clinical examination is not always reliable either 
and new carious lesions around restorations 
cannot be detected only through clinical 
examination. In clinical examination, secondary 
caries are suspected usually when the dental 
explorer tip gets caught up in restoration 
margins. At such situations, a differential 
diagnosis has to be made between the secondary 
caries and caries-free defective restoration 
margins (7). 
Discoloration of restoration margins is not a 
reliable sign for presence of secondary caries 
either. In a study, it was demonstrated that only 
24% of restorations with discolored margins had 
active carious lesion beneath their restoration 
(4).  
Considering all the above, diagnosis of 
secondary caries is associated with false positive 
and false negative results and definitive 
diagnosis cannot be made based on clinical or 
radiographic examination alone.  
On the other hand, evaluation of secondary 
caries and the effects of potential risk factors 
like the age of restoration, type of restorative 
material, and etc. can be helpful in further 
understanding of this phenomenon. Considering 
the mentioned issues and for the importance of 
having accurate statistics regarding the 
prevalence of secondary caries, the present study 
aimed to determine the prevalence of secondary 
caries in posterior teeth of patients presenting to 
the Operative Dentistry Department of Shahid 
Beheshti Dental School.  
 
Methods: 
 
In this descriptive study data were collected 
through clinical and radiographic examination, 
interview and filling out the questionnaire 
specifically designed for this purpose. A total of 
350 subjects presenting to the Operative 
Dentistry Department of Shahid Beheshti Dental 
School at 2012 that had posterior restorations 
and recent posterior bitewing radiographs were 
evaluated. Since we did not intend to 
unnecessarily expose patients to radiation 
without sufficient evidence of carious lesions we 
only selected patients who already had recent 
posterior bitewing radiographs. Sample size was 
calculated as 350 individuals using the following 
formula: 
N=௓² ௉ሺሺଵି௉ሻௗ²    where d=0.03, z=1.96, and p=0.09 
Sampling was consecutive. Patients underwent a 
thorough dental examination. The teeth were 
dried and examined under dental unit light and 
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direct vision using dental explorer. A 
questionnaire was filled out for each patient and 
their radiographs were also evaluated on a 
negatoscope with no magnification. All clinical 
and radiographic data were recorded in a 
questionnaire.  
On radiographic examination, any radiolucency 
next to restorations was considered as the 
secondary caries. In clinical examination, the 
diagnosis of secondary caries was made based 
on observation of chalky appearance, gray-
brown discoloration, palpation by dental 
explorer (soft or coarse consistency) and 
cavitation at the tooth/restoration interface (1).  
Patients who had clinical and radiographic signs 
of secondary caries were considered as 
“positive” cases.  
The questionnaire contained demographic 
characteristics of patients including age and 
gender, the understudy posterior tooth number, 
type of restoration material (amalgam or 
composite resin), type of restoration (MO, 
MOD, DO, O), location of receiving dental 
treatment (private office, public clinic, 
university clinic), age of restoration (less than 5 
yrs., 5 to 10 years, 10 years or more), technique 
of tooth brushing (Bass, Circular and scrub or 
modified Stillman), use of dental floss, use of 
mouthwash and dentist’s diagnosis based on 
radiographic and clinical examinations.  
Data were analyzed using SPSS 14 software and 
chi square test. This study was approved by the 
Ethics Committee of Shahid Beheshti Dental 
University. p<0.05 was considered statistically 
significant. 
 
Results: 
 
A total of 350 patients with a mean age of   
33.22 (13) yrs. were evaluated including 230 
females (65.7%) and 120 males (34.4%). Based 
on our definition of secondary caries, 25.2% of 
females (58 subjects) and 27.5% of males (33 
subjects) were found to have secondary caries in 
clinical and radiographic examination. The 
difference between males and females in 
prevalence of secondary caries was not 
statistically significant (p=0.6). Of 350 subjects, 
91 had secondary caries which shows a 
prevalence of 26% among the understudy 
population.  
Of a total of 1,339 restored teeth that were 
examined in this study, 53 (3.9%) only showed 
sign of secondary caries radiographically as 
radiolucency with no clinical signs; 34 restored 
teeth (2.5%) only showed secondary caries 
clinically and 129 teeth (9.6%) were diagnosed 
as having secondary caries both clinically and 
radiographically.  
The prevalence of secondary caries based on the 
number of tooth in the two jaws listed in the 
table 1. Results showed that in the upper jaw the 
prevalence of secondary caries was higher in the 
second premolar (p=0.04) and in the lower jaw it 
was higher in the first molar (p=0.04). 
 
Table 1- Prevalence of secondary caries based on the number of tooth in the jaws 
Upper Jaw
Tooth Number 4 5 6 7 8 
Prevalence 8.6% 10.6% 6.9% 5% 5.7% 
Lower Jaw
Tooth Number 4 5 6 7 8 
Prevalence 15.4% 9% 18.6% 4.6% 10.7% 
 
In terms of the type of restorative material, of 
1,339 teeth, 1,269 had amalgam and 70 had 
composite restoration. Of teeth restored with 
amalgam, 116 (9.1%) and of those restored with 
composite resin 13 (18.6%) had secondary 
caries. Based on chi square test, composite 
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restorations had a significantly higher 
prevalence of secondary caries (p=0.01).  
The prevalence of secondary caries based on the 
type of restorations showed in the table 2. 
Prevalence of secondary caries was higher in the 
MOD restorations (p=0.0001). 
 
Table 2- Prevalence of secondary caries based on restoration types 
Restoration Type MO MOD DO O
Prevalence 12% 19.2% 17.6% 2.7%
 
In all 19 occlusal restorations with secondary 
caries the location of secondary caries was in the 
occlusal surface. Of 46 DO restorations with 
secondary caries, the location of secondary 
caries was at the occlusal surface in 21.7%, and 
at the distal surface in the remaining 78.3%of 
the cases. Of 23 MO restorations with secondary 
caries, the location of secondary caries was at 
the occlusal surface in 30.4% and at the mesial 
surface in the remaining 69.6% of cases. Of 25 
MOD restorations with secondary caries, the 
location of secondary caries was at the occlusal 
surface in 8%, at the distal surface in 80% and at 
the mesial surface in 12% of the cases. 
In terms of the correlation between the 
prevalence of secondary caries and location of 
receiving dental treatment, of 350 patients, 334 
remembered where they received their tooth 
restoration of which, 156 had received their 
restoration in private dental offices, 129 in 
university clinics and 49 in different public 
clinics. Of the mentioned numbers, 33.3% of 
those who had received their restoration in 
private offices, 17.1% of those received their 
restoration in universities and 30.6% of those 
receiving their restoration in public clinics had 
secondary caries. Based on these data, 
prevalence of secondary caries was the highest 
among patients who restored their teeth in 
private offices and this difference was 
statistically significant (p=0.007).  
The understudy 350 samples were classified into 
three age groups of younger than 30 yrs., 
between 30 to 40 yrs. and over 40 yrs. Of 172 
patients younger than 30, 21.5%, of 79 patients 
between 30-40 yrs. 29.1% and of 99 patients 
over 40 yrs. 31.3% had secondary caries. 
However, the difference between different age 
groups was not statistically significant (p=0.2). 
Of 350 patients, 339 recalled the exact time of 
receiving their restoration. Age of restorations 
was divided into three groups of less than 5 
years, between 5 to 10 years and 10 years or 
longer. The prevalence of secondary caries 
based on the age of restoration listed in the table 
3. The difference between groups were not 
statistically significant (p=0.2). 
 
Table 3- Prevalence of secondary caries based on restoration age 
Restoration age No. Secondary Caries Prevalence 
Less than 5 Yrs. 135 31 23%
5-10 Yrs. 125 30 24%
10 Yrs. Or later 79 27 34.2%
 
In terms of technique of brushing no association 
was found between technique of tooth brushing 
and prevalence of secondary caries (p=0.4). The 
data based on brushing techniques summarized 
in the table 4. 
About the use of dental floss, 94 subjects stated 
that they regularly use dental floss. Of those 
using dental floss, 25.5% and of those not using 
it 26.3% showed secondary caries. The 
correlation between the use of dental floss and  
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Table 4- Prevalence of secondary caries based on brushing techniques 
Brushing Technique No. Secondary Caries Prevalence 
Bass 43 11 25.6%
Circular and scrub 262 65 24.8%
Modified stillman 27 10 37%
 
prevalence of secondary caries was not 
statistically meaningful (p=0.2). 
In terms of using mouthwash, 23 used 
mouthwash out of which 2 (8.7%) showed 
secondary caries and 325 reported not using it of 
which 88 (27.1%) had secondary caries. 
Prevalence of secondary caries was significantly 
lower in subjects who used mouthwash 
(p=0.05). 
 
Discussion: 
 
Prevalence of secondary caries in this study 
conducted on 350 patients aged 12 to 67 years 
was found to be 26%. The teeth were diagnosed 
as having secondary caries if clinical and 
radiographic signs of secondary caries were 
present. In cases where the diagnosis is made 
based on clinical or radiographic examination 
alone, factors like radiolucency’s due to causes 
other than caries (base material, arrested caries, 
etc.), two-dimensional view of the radiography, 
gaps at restorations margins, discolorations due 
to amalgam byproducts, absorption of stains by 
the tooth structure and personal errors may result 
in false positive or false negative diagnoses (3, 
5, 9, 11- 14). 
Chomyszyn-Gajweska, et al. (1992) in Poland 
reported the prevalence of secondary caries to be 
12.3% (15). They only used clinical examination 
with dental mirror and explorer and considered 
any caught up of the tip of the explorer as 
secondary caries. Higher rate of secondary caries 
in their study compared to ours may be due to 
their technique of diagnosis because in this 
method, any gap at the restoration margin, 
marginal ditch or defects, small overhangs or 
restoration problems other than secondary caries 
may result in caught up of the explorer tip and 
be misdiagnosed as secondary caries. Similar to 
our study, they reported the higher prevalence of 
secondary caries in molar teeth.  
Chestnutt, et al. (1995), in Scotland conducted a 
study on 4,294 subjects aged 12 to 13 years. 
They reported the prevalence of secondary caries 
to be 8% during three years (16). This 
prevalence was lower than the value we obtained 
in our study. This difference may be attributed to 
the young age of understudy subjects and 
evaluation of recently restored teeth.  
Otto and Rule (1988) in the US evaluated the 
prevalence of secondary caries in restored teeth. 
They only used bitewing radiographs and 
considered any radiolucency below the 
restoration as secondary caries. They showed 
that 10.7% of the restored teeth had secondary 
caries (17). This prevalence was higher than the 
value obtained in our study which may be due to 
the fact that radiolucencies below the 
restorations may not necessarily be a sign of 
secondary caries and can be due to the 
base/lining or any other radiolucent dental 
materials misdiagnosed as secondary caries in 
the mentioned study.  
Fitzgerald, et al. (1994) in US reported the 
prevalence of secondary caries as 31% in 
restored teeth (18). They removed the 
restorations in the extracted teeth and evaluated 
the presence of secondary caries below them. 
The prevalence reported by them was greater 
than the value in our study which is attributed to 
the fact that some cases of secondary caries that 
revealed by direct inspection after the removal 
of the restorations failed to be diagnosed through 
radiographic and clinical examinations. 
Composite restorations had a higher prevalence 
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of secondary caries compared to amalgam 
restorations which may be related to the 
technical sensitivity of composite resin 
application, the necessity of complete isolation 
of the tooth and proper use of dentin bonding 
agents. It has been shown that cariogenic 
bacterial growth adjacent to a restoration is 
higher in a composite restoration compared to 
amalgam or glass ionomer restorations (19). 
Prevalence of secondary caries in MOD 
restorations was also higher than other 
restoration types in this study which can be due 
to the higher number of restoration surfaces 
susceptible to micro leakage in MOD 
restorations. Secondary caries often reported at 
the gingival margins of class II and class V 
restorations (20). 
Prevalence of secondary caries in patients 
presenting to private offices was greater than in 
those presenting to public clinics or universities 
which may be attributed to the thorough 
supervision of the students’ performance in the 
university by the experts and experienced 
instructors. Koletsi-Kounari, et al. (1989) 
showed that restorations done at the university 
clinics were significantly of higher quality than 
the ones done at the public and private clinics  
(21). 
Patients who were not using mouthwash had a 
significantly higher prevalence of secondary 
caries in our study. However, no significant 
differences were found between the prevalence 
of secondary caries based on the technique of 
tooth brushing and use of dental floss.  
Considering the simple use of mouth wash and 
the possibility of improper use of dental floss or 
incorrect brushing by the patients, these results 
can be explained. Goldberg in his study found 
that oral hygiene had a more significant effect on 
risk of recurrent caries under restorations with 
moderate margin scores compared to those with 
very poor or very good cavo surface margins 
(22). 
Silva, et al. (2010) evaluated the association of 
secondary caries with the presence of marginal 
defects and concluded that secondary carious 
lesion usually initiate at the interface of 
tooth/restoration (23). 
 
Conclusion: 
 
The present study demonstrated that prevalence 
of secondary caries was higher in MOD 
restorations, composite restorations and teeth 
restored in private dental offices.  Patients using 
mouthwash had a significantly lower prevalence 
of caries recurrence. No significant association 
was detected between secondary caries and 
gender, age, technique of tooth brushing and use 
of dental floss.  
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